Investigations on mammal species implicated in crop damage and control techniques used to protect fields was carried out in the Okapi Wildlife Reserve (OWR). The aim of this study was to identify mammal species causing damages on crops, the growth stages affected, the frequency and severity of damage in the fields and control techniques used. Data were collected in six villages using a standard questionnaire form translated in the main local languages (Swahili and Lingala), between 02-29 June and 07-31 August 2010. A probabilistic survey and structured interview have been used to collect data. Farmers of 7 main tribes were interviewed (a total of 210 farmers) who are living in OWR. The study shows that Primates (Cercocebus galeritus agilis, Papio anubis) and elephant (Loxodonta cyclotis) cause considerable damage during maturation and fructification of maize, cassava and bananas in the fields. Farmers keep their fields under guard to drive away animals and prevent crop damage.
Introduction
The integration of conservation with other land uses is especially difficult where densely settled agricultural land abuts a protected area containing large or potentially dangerous animals, as is the case for several parks in Africa and Asia (Dudley et al., 1992) 
.The Okapi Wildlife Reserve (OWR) is con�
The Okapi Wildlife Reserve (OWR) is concerned by this fact this last decade, people develop different activities in the OWR (e.g. artisanal gold mining, diamond, coltan, etc.), uncontrolled immigration, poaching, hunting, deforestation for crops, etc. (Baraka, 2009) . Climate changes have increased the situation by encouraging the growth of the size of the populations of certain species of crop pests in the region, including the green locusts, the lack of vegetation at certain periods of the year, the drying up of some rivers and the agricultural calendar perturbation causes loss in agricultural production. In fact, the lack of water and food, but also poaching, result of several wars occurred these last decades in the East Democratic Republic of the Congo (DRC), push animals to leave their usual habitat. This situation allows farmers to grow a big area which destroys wildlife habitats by decreasing wildlife food.
In OWR, farmers cultivate more than one crop in the same field. They are totally dependent on agriculture as trading hunting is forbidden, while pygmies do until the traditional hunting. Herbicide are not used. Several crops were identified: cassava (Manihot esculenta Crantz, 95% of people), maize (Zea mays L., 92%), rice (Oryza sativa L., 90%), bananas (Musa spp., 60%), peanut (Arachis hypogaea L., 40%), bean (Phaseolus vulgaris, 35%), potato (Ipomoea batatas (L.) Lam., 25%), (Solanum melongena L., 17%) marrow (Cucurbita maxima Lam., 13%), tarot (Colocasia esculenta (L.) Schott, 12%), and sugar cane (Saccharum officinarum L., 10%). Fruit trees were not cultivated by local people, except in agricultural territory. These crops cover a big area in OWR and replace the original habitat.
By reduction of the area of the original habitat, wildlife moves toward villages to look for food. The animal moving has considerable consequences on crop, livestock, house and even death of man. Damage without repair could cause serious mistrust in farmers on the conservation purpose, particularly in the DRC where laws related to compensation of wildlife crop damage are not applied (Lwanzo, 2008) . The lack of such law on wildlife crop damage increases mistrust within farmers and do not facilitate to solve the problem by the chiefs of the OWR, especially if species of mammals involved in damaging the crop and the period of great damage are not known. In fact, this information is poorly documented in the DRC except on animal crop damage in Ituri forest (Scott, 1987) , on an assessment of crop damage by large mammals in the OWR with a special emphasis on elephants and on diet insecurity for the human population around the Virunga National Park (Lwanzo, 2008) . Our ob� Lwanzo, 2008) . Our ob� ). Our objectives are to study: -the wild mammals recognised by farmers implicated in crop damage; the vulnerability of the crop and crop stages; -the techniques that farmers are using to control animal damage in their fields; -What the farmers are thinking about the OWR.
Material and Methods

Study sites
The OWR (2°00′00″ N; 28°30′00″ E; 700-1000 m above sea level) is located in the Ituri Forest, in Ituri Province in the northeast of the DRC. It is an area of 13726 km² (Kümpel et al., 2015 (Baraka, 2009; Kümpel et al., 2015) .
An exceptional fauna diversity is known in the OWR: Okapia johnstoni Sclater, 1901, an endemic species with 20000 individuals and 14 in captivity until 2012 (Kümpel et al., 2015) . However, all individuals in captivity werekilled in the night of 23-24 July 2012 by an uncontrolled army group in the region.
The OWR is under influence of the equatorial climate Guinean type. It is classified in Af climate type according to the Köppen classification (Duvigneaud, 1974) . The climate is hot (25°C), without an absolute dry season, with a yearly precipitation around 2500 mm, and a minimum of 60 mm during the driest month (Budjo & Batido, 2009 ).
Data collection
We carried out interviews based on a standard questionnaire translated into the two main local languages (Swahili and Lingala), but native name of wild mammals species were given in Lese language (Carpaneto & Germi, 1989) . A pre�survey have been made two days before the survey in Epulu centre, to facilitate the understanding of the questionnaire form. During the survey, all farmers' answers were noted on French survey forms.
The questionnaire was designed to gather general information about farm characteristics, control techniques used, and mammal crop raiding. Our questions were focused on active farmers and the Chief of villages.
We used coloured photographs associated to native names of wild mammal species in the OWR to lead people to identify species involving in crop damages (Kingdon, 2015) . Interviews were organised between 8:00 and 17:00 during 52 days (02-29 June and 07-31 August 2010). The questionnaire was composed of 52 questions. An interview was conducted during 30 min. Sunday was reserved to visit farmers' crop fields. A structured interview based on probability in selecting people was used for collecting data. This method has been used for people with low instruction level (Grawitz, 2001) . In total, 210 farmers were interviewed in 6 villages. In each village, we interviewed 35 households (men and women) in each tribe. The collected data were analysed by Excel of Windows 2007.
Results
Crop pest
A hight degree of severity and frequency of damage caused by Cercocebus galeritus agilis Peter, 1879 are recognised by 90% of the in� are recognised by 90% of the interviewed farmers (Table 1) . About 90% of the farmers agreed that damage caused by Loxodonta cyclotis (Blumenbach, 1797) were very se� (Blumenbach, 1797) were very se� were very severe in all localities. However, their frequencies were recognised only by 50% of farmers, except in Salate where 90% of farmers confirmed that damage was very frequent. In Babama and Molokayi, 67% and 76% of the farmers respectively confirmed that crop damage caused by Papio anubis Linnaeus, 1758 was frequent, while only 45% and 56% recognised the severity of damage. About 80% of the farmers accepted that damage caused by Thryonomys swinderianus (Temminck, 1827) are severe in Nduye, while in others localities, only 25% of the farmers recognised the same. Finally, less than 10% of the farmers recognised severity and frequency of crop damage in the case of Potamochoerus porcus (Linnaeus, 1758), Hylochoerus meinertzhageni Thomas, 1904 , and Syncerus caffer nanus (Sparrman, 1779) in all localities. Below we present people's point of view about damage caused by different mammals species on crops during their phenological stages.
Severe damage on crop phenology (sowing, fructification and maturation)
In the OWR, 80-90% of the farmers confirmed that Cercocebus galeritus agilis destroye mainly maize during fructification and maturation (Table  2) . At the same time 50-75% of the farmers recognised that Cercopithecus ascanius (Audebert, 1799) and Thryonomys swinderianus cause severe damage on maize during fructification and maturation. Finally, the severe damage caused by Cricetomys emini Waterhouse, 1840, Papio anubis and Syncerus caffer nanus are recognised by less than 30% of the farmers.
In Table 2 50-65% of the farmers pointed C. galeritus agilis, Papio anubis, Loxodonta cyclotis, and Cricetomys emini as responsible in severe damage on cassava during maturity, while less than 40% of the farmers accused Potamochoerus porcus, Syncerius caffer nanus, T. swinderianus, and Hylochoerus meinertzhageni to cause considerable damage on cassava during fructification and maturation.
In addition, 100% of the farmers pointed L. cyclotis for severe damage on banana during maturation and 90% during the fructification. About 70% of the farmers indicated that C. galeritus agilis and P. anubis cause severe damage on banana during maturation. At least 50% of the farmers recognised this damage during the fructification. Only 10% of the farmers pointed severe damage caused by S. caffer nanus, T. swinderianus and C. emini.
50-70% of the farmers recognised that T. swinderianus cause severe damage on rice during fructification and maturation. Less than 10% of the farmers pointed Papio anubis to cause severe damage on rice during maturation and fructification.
Control strategies
One of the objectives of this study was to show different techniques (Table 3) used by farmers to control the crop damage caused by wild animals in the OWR.
More than 80% of the farmers in all villages ask for help from the OWR guardians to drive away animals from their fields. About 80% of the farmers from Nduye are trapping animals while 40% of the farmers in others localities except Salate (with only 23.9%) use also the trapping technique. About 65% of people in Nduye use dogs to drive away animals. Finally, 12% of farmers are passive as they do not control their fields while 88% of the farmers keep their fields under guard by driving away animals. Fruct. 
What farmers are thinking about Okapi Wildlife Reserve
The last objective of this study was to know the vision of farmers on the OWR (Table 4) . Different opinions were obtained from the farmers: 50% of the farmers in six localities investigated recognised that the OWR is very important in this remote area because its reduce jobless and contribute in developing the environment, while 50% did not agree. In fact, they argue that the OWR is not important for two reasons: the lack of bushmeat and the lack of compensation of wild crop damage. In Salate, 36% of the farmers recognise the importance of OWR while 58.9% do not agree. Finally, less than 10% of farmers have no meaning.
Discussion
Our results show that in total, 11 mammal spe� show that in total, 11 mammal species are implicated in crop damage in the OWR. The Allen's swamps monkey (Cercocebus galeritus agilis), and the elephant (Loxodonta cyclotis) cause severe damage on cassava, maize and banana during fructification and maturation. Our results confirm those of Kambale (1998) that indi� Kambale (1998) that indi� ) that indicate the severity of the damage caused by elephant and Allen's swamps monkey on crop in the OWR. These species are followed by baboon (Papio anubis) and red-tailed monkey (Cercopthecus ascanius) . A similar result was observed by Parker et al. (2007) and Kagoro-Rugunda (2004) in Zambia and Uganda. On the other side, Loki & Parker (2002) indicated that primates and elephants are major crop pest in Zimbabwe and the National Park of Mburo in Uganda. The severity of damage of these groups of animals may be explained by their high number of individuals during the transhumance, the quantity of food that one individual can eat, but also because in the OWR, farmers use slash�and� burn as the main technique. This technique favours the opening of large areas for the fields by creating pressure on the OWR and putting animals in direct contact with the crop fields (Baraka, 2009 ).
In the Locality of Salate, the severity and frequency of damage, especially caused by the elephant, might be explained by isolation of this locality and low human density (Baraka, 2009) . In fact, the human presence pushes this animal to go far in the forest where a dense canopy cover is observed. The Cane rat, Thryonomys swinderianus causes severe and frequent damage on maize and rice during maturation and fructification in Nduye. In this village, this might be explained by a higher level of deforestation leading this savannah species to get a new ecological niche as previously observed. Although mammal species cause damage on crop during each phenological stage, the most vulnerable periods concern maturation and fructification. In fact, animals struck matures crop, probably because they have rich nutriments (Raemaekers, 2001) .
Wild pigs (Potamochoerus porcus, Hylochoerus meinertzhageni), buffalo (Syncerus caffer nanus) and Giant pouched rat (Cricetomys emini) cause less damage in all localities in the OWR. This could be explained because of their reduced density and also of the relatively small number of individuals.
Kagoro-Rugunda (2004) observed that P. porcus, Papio cynocephalus and Tragelaphus scriptus occupied the first position in crop damage in fields surrounding the National Park of Mburo in Uganda. Kambale (1998) pointed five species in OWR for crop damage: C. galeritus agilis, Cercopithecus l'hoesti Sclater, 1899, C. ascanius, L. africana cyclotis and P. porcus. In Kenya, de Vos & Omar (1970) observed Cercopithecus mitis to be active during the dry season, while L. africana was active during the rainy season. In agreement with these authors, Pri�
In agreement with these authors, Primates and elephants cause considerable damage on crop. While, some difference between mammals species implicated in crops damage surroundings parks and reserves vary in function of the vegetation and habitat of each park or reserve.
In the OWR, driving away animals by guardians, keeping fields under guard are techniques commonly used by farmers. The work of Guinness and Taylor (2014) revealed a danger in this case as some farmrevealed a danger in this case as some farmers have been killed by elephants in Queen Elisabeth National Park Uganda. Regular driving away might be a better technique than keeping fields under guard against wild mammal crop damage. Trapping as 80% of farmers are doing or using dogs (15%) to control crop damage in Nduye might be more efficient than keeping and driving in the case of the cane rat which is known as major crop damage for cereales as observed in Kisangani region (Amundala et al., 2008) . In Salate, only few people, being scared, do not control their fields against elephants. In this case, they have a negative attitude agaianst the presence of the OWR.
Generally, the lack of bushmeat and compensation of wild crop damage and missing of fertile land for agriculture are serious problems of the population who lives in the OWR. As only a few people have a good eduacation level, the OWR does not have a job for them. This could be the reason that the Okapia in captivity were killed in the night of 23-24 July 2012 by an uncontrolled army group in the region.
Conclusions
Finally, 11 mammal species are known to be responsible for crop damage in the OWR. On this list, Cercocebus galeritus agilis and Loxodonta africana, followed by Papio anubis, cause severe and frequent damage on banana, maize, cassava which form the main cultivated crop. Thryonomys swinderianus cause severe crop damage on maize and rice during fructification and maturation in Nduye where the species is trapped for field control. Driving away animals and keeping fields under guard are techniques widely used to protect fields in all villages.
